Mathematical models are often applied to describe cell migration regulated by diffusible signalling molecules. A typical feature of these models is that the spatial and temporal distribution of the signalling molecule density is reported by solving a reaction-diffusion equation. However, the spatial and temporal distributions of such signalling molecules are not often reported or observed experimentally. This leads to a mismatch between the amount of experimental data available and the complexity of the mathematical model used to simulate the experiment. To address this mismatch, we develop a discrete model of cell migration that can be used to describe a new suite of co-culture cell migration assays involving two interacting subpopulations of cells. In this model, the migration of cells from one subpopulation is regulated by the presence of signalling molecules that are secreted by the other subpopulation of cells. The spatial and temporal distribution of the signalling molecules is governed by a discrete conservation statement that is related to a reaction-diffusion equation. We simplify the model by invoking a steady state assumption for the diffusible molecules, leading to a reduced discrete model allowing us to describe how one subpopulation of cells stimulates the migration of the other subpopulation of cells without explicitly dealing with the diffusible molecules. We provide additional mathematical insight into these two stochastic models by deriving continuum limit partial differential equation descriptions of both models. To understand the conditions under which the reduced model is a good approximation of the full model, we apply both models to mimic a set of novel co-culture assays and we systematically explore how well the reduced model approximates the full model as a function of the model parameters.
1 Introduction 1 Random motility is widely recognised as the key mechanism driving in vitro 2 cell migration in highly idealised homogeneous environments (Huang et al. In both (f) and (g), the blue circles indicate cell positions at t = 0 h, and the red circles indicate cell positions at t = 24 h. All trajectories are shifted so that they start at the origin.
Full discrete model
We consider an agent-based model on a one-dimensional lattice where each 145 site is indexed i ∈ [1, I] and has position x = (i − 1)∆, where ∆ is the 146 lattice spacing that we take to be a typical cell diameter. The lattice is occu-147 pied by two different types of agents that represent the two different types of walk with probability f 2 (C i ). In all cases the target site is chosen at ran-To be consistent with our experimental observations in Figure 1 , we assume 187 the signalling molecules are secreted by agents from Subpopulation 1 at a 188 particular rate. The signalling molecules diffuse, undergo decay, and are taken 189 up by agents from Subpopulation 2. We suppose that the spatial and tem-190 poral distribution of signalling molecules is governed by discrete conservation 191 statement,
where D c [µm 2 /h] is the molecular diffusivity, λ [µM/h] is the secretion rate, κ 193 [/h] is the uptake rate and µ [/h] is the intrinsic decay rate. We solve Equation
194
(1) numerically as outlined in the Supplementary Material. us to simplify the model by assuming we have quasi-steady conditions since 204 the diffusive transport evolves on much faster timescale than the source terms 205 on the right of Equation (1). If the magnitude of the source terms in Equation
206
(1) are negligible relative to the diffusive transport term, at steady state we 
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Since we have an exclusion process, each lattice site can be occupied by a 218 single agent. Therefore, simply applying C i = λU i /(µ + κV i ) leads to C i = 0 219 at any site with U i = 0, or C i = λ/µ for any site with U i = 1. To make 220 this approximation more realistic, we take the occupancy of lattice site i to 221 be the average of the nearest neighbour lattice sites, 
where δĀ i and δB i are the change in occupancy at site i of Subpopulation 1 255 and 2, respectively, andS i =Ā i +B i is the total average occupancy at site 256 i. To convert these discrete conservation statements into continuous expres-257 sions we identify the discrete variables with appropriate continuous variables, 
where D a = ∆ 2 f 1 (c)/ (2τ ) and D b = ∆ 2 f 2 (c)/ (2τ ) are the diffusion coeffi-263 cients for Subpopulation 1 and Subpopulation 2, respectively and s(x, t) = a(x, t)+ 264 b(x, t). We refer to Equations (5)- (7) as the full continuum model.
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The continuum limit description of the reduced discrete model can be obtained 266 using a very similar approach. The approximate conservation statements for
where all terms have a similar interpretation to those in Equations (3)-(4).
269
We proceed to the continuum limit in the same way, arriving at
where u(x, t) and v(x, t) are the densities of Subpopulation 1 and Subpopu-271 lation 2, respectively. Here, D a = ∆ 2 f 1 (g)/ (2τ ) and D b = ∆ 2 f 2 (g)/ (2τ ) 272 are the diffusion coefficients for Subpopulation 1 and Subpopulation 2, respec-273 tively. We refer to Equations (10)-(11) as the reduced continuum model. 
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Accordingly, in the discrete models we assume that agents from both subpop-300 ulations undergo unbiased migration when C i = 0 and that C i has no impact 301 upon the migration of Subpopulation 1 so we set f 1 (C i ) to be a constant. In 302 contrast, we choose f 2 (C i ) to be a smooth increasing function, given by
where α ≥ 0 specifies the strength of the chemokinetic response, and H is a discrete models for a range of signalling molecules diffusivity (D c = 10, 10 5 , 370 10 6 µm 2 /h) and a range of chemokinetic strengths (α = 1, 100, 1000). To 371 quantify the quality-of-match between the full and reduced models, we com-372 pute a measure of the least-squares difference between the averaged density 373 profiles,
where m is an index indicating the number of identically-prepared realisa- reduced discrete model which implicitly describes a similar interaction between 436 the two cell populations without needing to solve the underlying conservation 437 statement. To provide additional mathematical insight into these two models 438 we obtain continuum limit descriptions of both models, leading to new PDE 439 models.
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In the full discrete model we suppose that the migration rates of agents from 441 Subpopulation 1 and Subpopulation 2 are given by functions f 1 (C i ) and f 2 (C i ), 442 respectively, where C i is the density of signalling molecules at site i. Similarly, 443 in the reduced discrete model the migration rates of agents from Subpop-444 ulation 1 and Subpopulation 2 are given by f 1 (G i ) and f 2 (G i ), respectively,
